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FOKEWORD 
This  r e p o r t  e n t i t l e d  "Development of Response Models f o r  t h e  Ea r th  Rad ia t ion  
Budget Experiment (ERBE) Sensors" c o n s i s t s  of t h e  fo l lowing  f o u r  p a r t s .  
Part I, NASA CR-178292, is e n t i t l e d  "Dynamic Models and Computer S imula t ions  
f o r  t h e  ERBE Nonscanner, Scanner and S o l a r  Monitor Sensors". 
P a r t  11, NASA CR-178293, is e n t i t l e d  "Analysis of t h e  ERBE I n t e g r a t i n g  
Sphere Ground Cal ibra t ion" .  
This is  P a r t  111, NASA CR-178294, e n t i t l e d  "ERBE Scanner Measurement 
Accuracy Analys is  Due t o  Reduced Housekeeping Data". 
P a r t  I V ,  NASA CR-178295, is  e n t i t l e d  "Preliminary Nonscanner Models and 





This  r e p o r t  e n t i t l e d  "Development of Response Models f o r  t h e  Ear th  Rad ia t ion  
Budget Experiment (ERBE) Sensors' '  c o n s i s t s  of  f o u r  p a r t s .  This  p a r t ,  P a r t  111, 
NASA CR-178294, is e n t i t l e d  "ERBE Scanner Measurement Accuracy Analys is  Due t o  
Reduced Housekeeping Data". The remaining p a r t s  are a s  fo l lows .  
P a r t  I ,  NASA CR-178292, is e n t i t l e d  "Dynamic Models and Computer S imula t ions  
f o r  t h e  ERBE Nonscanner, Scanner and So la r  l ion i tor  Sensors". 
P a r t  11, NASA CR-178293, is e n t i t l e d  "Analysis of t h e  ERBE I n t e g r a t i n g  Sphere 
Ground Cal ibra t ion" .  
P a r t  I V ,  NASA CR-178295, is e n t i t l e d  "Preliminary Nonscanner Models and Count 
Conversion Algorithms" . 
The scanner  model in t roduced  i n  Part I i s  based on the  i n i t i a l  des ign  of t h e  
ins t rument .  I n  t h i s  des ign ,  housekeeping d a t a  w a s  sampled every  scan ,  i . e .  every  
f o u r  seconds. During t h e  ground c a l i b r a t i o n s  f o r  t h e  NOAA-9 Pro to  F l i g h t  Model 
(PFM), e r r o r  a n a l y s i s  r evea led  t h a t  sampling t h e  HK d a t a  t h i s  o f t e n  genera ted  
random n o i s e  which i n t e r f e r e d  wi th  t h e  scanner r ad iomet r i c  s i g n a l  (Reference 1 ) .  
To minimize t h e  i n t e r f e r e n c e ,  t h e  i n s t r u m e n t ' s  hardware was modified.  The f r e -  
quency of HK d a t a  sampling w a s  reduced t o  one every  8 scans  (every  32 seconds) .  
T h i s  document c o n s i d e r s  t h e  accuracy  of  t h e  scanner  measurements when t h e  HK 
sampling frequency is  reduced. The r educ t ion  of t h e  HK d a t a  sampling frequency 
would provide  more u n c e r t a i n t y  f o r  modeling t h e  c a l i b r a t i o n  sources .  T h i s  un- 
c e r t a i n i t y  would be g r e a t e s t  f o r  sou rces  whose tempera tures  change r a p i d l y  o r  
d r a s t i c a l l y .  I n  t h i s  a n a l y s i s ,  w e  focus  on t h e  MAM b a f f l e  and p l a t e  and scanner 
b a f f l e  due t o  t h e i r  r e l a t i v e l y  h igh  t e m p e r a t u r e  changes du r ing  s o l a r  c a l i b r a t i o n s .  
S ince  on ly  s o l a r  s i m u l a t o r  d a t a  w a s  a v a i l a b l e ,  w e  approximated t h e  s o l a r  temp- 
e r a t u r e s  on t h e s e  components and t h e  r a d i a t i v e  and thermal g r a d i e n t s  i n  t h e  PlAM 
b a f f l e  due t o  r e f l e c t e d  s u n l i g h t .  
ii 
Simpl i f i ed  models f o r  t h e  Wl b a f f l e  and p l a t e  and scanner b a f f l e  were made 
t o  account €o r  any in s t an taneous  r a d i a t i o n  f i e l d  changes witt i in t he  f ield-of-view 
of a scanner  ins t rument  du r ing  a s o l a r  c a l i b r a t i o n .  
a n a l y s i s  was t h e  t o t a l  wavelength channel of  t h e  scanner  ins t rument .  
The channel s e l e c t e d  f o r  
The s i m p l i f i e d  model y i e l d s  in s t an taneous  s o l a r  r ad iance  (L) and emi t t ed  
r a d i a n t  f l u x  (EFoV) from the  MAM b a f f l e  and p l a t e  and scanner  b a f f l e  wh i l e  they  
are s u b j e c t  t o  a n  in s t an taneous ly  changing s o l a r  f l u x  a n g l e  and a r e l a t i v e l y  slow 
chaning mode of  environments i n  a n  o r b i t  ope ra t ion .  
With a s o l a r  f l u x  ang le  change t h e  MAM has a p a r t i a l  o r  a f u l l  view of  t h e  
sun, and t h e  MAM b a f f l e  has  e x t e r i o r  and i n t e r i o r  exposures.  Due t o  t h i s  change, 
t h e  e f f e c t s  on t h e  r a d i a t i o n  f i e l d s  a t  the  scanner  b a f f l e  field-of-view are 
apparent .  
and sun-b l ips  (day and n i g h t ,  i n  t h i s  case, t h e  e a r t h  a lbedo  is  changed), are not  
i n f l u e n t i a l  i n  a relative sense  a s  compared wi th  s o l a r  f l u x  changes ( i . e . ,  shadow 
and exposure).  Never the less ,  t h e  environmental  impacts were cons ide red  i n  a 
s i m p l i f i e d  model t o  prove t h e s e  c o n d i t i o n s  t o  be n e g l i g i b l e .  
The environmental  c o n d i t i o n s  such as  c o l d  and h o t  o r b i t s  (-10" - 30" C) 
The models were used f o r  two d i f f e r e n t  c a s e s .  The one case is  TRY-I which 
u s e s  t h e  measured MAM p l a t e  and b a f f l e  tempera tures  ob ta ined  from t h e  ground C a l i -  
b r a t i o n ,  and t h e  o t h e r  case is  TRY-I1  which uses t h e  MAM p l a t e  and b a f f l e  temper- 
a t u r e s  computed from t h e  MAM b a f f l e  model. 
I n  both  TKY-I and I1 c a s e s ,  t h e  tempera ture  increments d u r i n g  a n  i n c r e a s i n g  
p a r t i a l  (60 seconds) through a f u l l  (210 seconds) t o  a d imin i sh ing  p a r t i a l  sun-view 
were 2.75"K and 9 O K ,  r e s p e c t i v e l y .  During one scan  c y c l e  i n  a f u l l  sun-view, t h e  
s o l a r  r ad iance  increments are about 0.055 W/m2.sr f o r  TRY-I case and 0.17 W / m 2 * s r  
f o r  T R Y - I 1  c a se .  These r e s u l t s  are due t o  t h e  longwave c o n t r i b u t i o n s  r e f l e c t e d  
and emi t t ed  from t h e  MAM p l a t e  and b a f f l e .  
iii 
, 
The scanner s imula t ion  model, when i t  was coupled h t h  TRY-I and I1 cases, 
shows t h a t  t h e  count ou tput  increments are about 1 count f o r  TRY-I and about 1 .5  
count f o r  TRY-11. 
0.26 W/m *sr rad iance  increments  r e s p e c t i v e l y ,  i f  1 W/m *sr i s  equ iva len t  t o  6 
2 These count increments a r e  equ iva len t  t o  about 0.17 W/m 'sr and 
2 2 
counts.  
scanner  b a f f l e  model. The. d i f f e r e n c e s  would be due mainly t o  t h e  emi t ted  r a d i a n t  
f l u x  EFOV from t h e  scanner  b a f f l e .  
I n  t h i s  computation, t h e  scanner  s imula t ion  model was i n t e g r a t e d  wi th  t h e  
* 
The r ad iance  e q u i v a l e n t  t o  t h e  emi t ted  r a d i a n t  
2 f l u x  increment,  AEFov, from t h e  scanner  b a f f l e  was about 0.09 W/m *sr pe r  scan  c y c l e .  
1 
The emi t t ed  r a d i a n t  f l u x  EFOV from t h e  scanner  b a f f l e  was es t imated  by s e t t i n g  t h e  
MAM p l a t e  and b a f f l e  tempera ture  a t  283.16"K. 
Accordingly,  e l i m i n a t i n g  t h e  AEFOV e f f e c t  which is about 0.55 coun t s  from t h e  
r e s u l t s  from t h e  scanner  s imula t ion  model coupled w i t h  TRY-I and 11, t h e  rea l  count 
ou tput  increments  p e r  s can  c y c l e  are 0.45 and 0.95 counts  for TRY-I and 11, res- 
p e c t i v e l y .  Because t h e  count d i f f e r e n c e  between t h e  sou rce  and spacelooks i s  used 
i n  t h e  count convers ion  procedure,  t h e  e l i m i n a t i o n  of E which is almost t h e  same FOV 
d u r i n g a s c a n p e r i o d w o u l d  no t  cause  any s i g n i f i c a n t  e r r o r s .  
As a whole, any d i f f e r e n c e  a t t r i b u t e d  t o  t h e  MAM p l a t e  and b a f f l e  temperature 
v a r i a t i o n s  has  a n e g l i g i b l e  e f f e c t  on t h e  inpu t  r a d i a t i o n  f i e l d  impinging on t h e  
ins t rument  f i e l d  of view limiter. 
The r e s u l t s  from t h e  above a n a l y s i s  show t h a t  t h e  unaccountable s o l a r  r ad iance  
and i r r a d i a n c e  v a r i a t i o n s  dur ing  a scan  c y c l e  a r e  smal l .  
Hence, i t  is  c e r t a i n  t h a t  any reasonable  i n t e r v a l  longer  than c u r r e n t  HKD 
a c q u i s i t i o n  i n t e r v a l  (every 4 seconds) w i l l  no t  s i g n i f i c a n t l y  a f f e c t  t h e  e s t i m a t i o n  
of a r a d i a t i o n  f i e l d  a t  t h e  f i e l d  of view of a scanner  ins t rument  u n l e s s  unknown 
f a c t o r s  d i s t u r b  t h e  r a d i a t i o n  f i e l d  and thermal loadings .  
i v  
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MAM FOR A SOLAR CALIBRATION 
1. CFNERAI, TIRSCRTPTTON -I-. -.- 
Tlic nd r ro r  a t t e n u a t o r  mosaic (MAM) f o r  s o l a r  c a l i b r a t i o n  was designed t o  
guide :ind at tcwuate tlic solar f l u x  impinging i n t o  t h e  scanner  ins t ruments .  To 
do LI-Jt thc b a f f l e s  were put  i n  f r o n t  of  t h e  MAM t o  guide and l i m i t  t h e  s o l a r  
F 7 u.c \cLLh.Cn a given field-of-view. 
lL4.Y hy the Iuffltqs l a  about  7.1’ and t h e  l eng th  of t h e  MAM assembly inc lud ing  
:3rIlcs is nb u t  4 times longe r  than t h e  scanner  instrument  (see Fig.  1). There- 
f m ,  t!w cxpi~surc: of  t h e  b a f f l e  t o  t h e  s o l a r  f l u x  would be an  apparent  consequence. 
Ti12 I ~ n f f l c  hailtecl by solzr f l u x  would be  a source c o n t r i b u t i n g  longwave r a d i a t i o n  
to  the scanner .  Th i s  longwave source ,  accord ingly ,  must be cons idered  i n  modeling 
tilt? Mil. 
The minimum acceptance  f ield-of-view of  t h e  
I 
SOLAR RADIA!!CE * *  -.------- 
The solar f l u x  which passes through the b a f f l e  b a r r e l  and MAM is obtained 
t,y cons ider ing  b a f f l e  barrel s o l i d  angle ,  R, and t h e  a t t e n u a t i o n  f a c t o r ,  n , 
of k f w .  
M 
[ 6 ( t ) ,  t$ ] be a s o l a r  f l u x  at  MAM b a f f l e  FOV, t h e  s o l a r  rad iance  =sun 0 
through MAM can  be  c a l c u l a t e d  by 
where the s o l a r  f l u x  E = 0.1351 W/cm2 SUN 
t h e  s o l i d  ang le  5l = A sr. 
the  MAM FOV area 41 = 20.912 cm 2 
was not  c h a r a c t e r i z e d ,  however an  e s t ima ted  nM’ The a t t e n u a t i o n  f a c t o r ,  
va lue  of 30% w a s  used. 
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3. LONGWAVE CONTRIBUTIONS 
3-1. From MAM B a f f l e  
The longwave c o n t r i b u t i o n  from the  MAM b a f f l e  can  be def ined  by knowing 
t h e  exposure area, t h e  s o l a r  f l u x  angle ,  t h e  instrument  o r i e n t a t i o n  i n  t h e  o r b i t ,  
and etc... 
Consider t h a t  t h e  i n t e r i o r  of thh b a f f l e  b a r r e l  has  a d i f f u s e  b lack  s u r f a c e  
and t h e  o u t s i d e  of  t h e  b a f f l e  b a r r e l  is exposed t o  t h e  s o l a r  f l ux .  I n  f a c t ,  t h e  
o u t s i d e  and i n s i d e  s u r f a c e s  of t h e  b a f f l e  b a r r e l  are s u b j e c t  t o  the  ins tan taneous  
hea t ing  due t o  t h e i r  s o l a r  exposure.  The b a f f l e  temperature  is  monitored by 
t w o  temperature  probes a t t a c h e d  on t h e  b a f f l e  b a r r e l .  
temperature  probes.  
The MAM p l a t e  a l s o  has  two 
Accounting f o r  t h e  s o l a r  h e a t i n g  of t h e  MI\M b a f f l e  is very  d i f f i c u l t  because 
of t h e  conf igu ra t ion  of t h e  MAM b a f f l e  and the  thermal  in f luence  from t h e  space- 
c r a f t  due t o  t h e  conduct ive ly  coupled s i t u a t i o n .  Hence, some assumptions are 
necessary  t o  s i m p l i f y  t h e  modeling of t h e  MAM b a f f l e .  
s o l a r  h e a t i n g  of t h e  MAM b a f f l e  b a r r e l  by t h e  e x t e r i o r  exposure is very  small 
because the  e x t e r i o r  s u r f a c e  of  t he  MAM b a f f l e  is coated wi th  a h igh ly  r e f l e c t i v e  
m a t e r i a l .  That is, t h e  r e f l e c t i v i t y  of t h e  s u r f a c e  is  nea r  t o  u n i t y ,  so t h a t  t h e  
s o l a r  h e a t i n g  through t h e  e x t e r i o r  f o r  t h e  per iod of s o l a r  f l u x  measurement, which 
i s  a r e l a t i v e l y  s h o r t  per iod  of time as compared t o  t h e  time cons tan t  of t h e  MAM 
b a f f l e ,  has  l i t t l e  e f f e c t  on t h e  MAM b a f f l e  temperature.  However, t h e  minimal 
amount of the s o l a r  h e a t i n g  through the  e x t e r i o r  can be compensated by cons ider ing  
a c o r r e c t i o n  term t o  t h e  i n t e r i o r  hea t ing .  
F i r s t  cons ider  t h a t  t h e  
Second, assume t h a t  t h e  MAM b a f f l e  has  a c y l i n d r i c a l  channel a l though t h e  
a c t u a l  channel is  a square  t u b e  with rounded corners .  This  assumption g ives  an 
axis of symmetry which enab le s  t h e  niodcl t o  accommodate t h e  s u n l i g h t  shadow n ice ly .  
3 
L e t  a l s o  t h e  b a f f l e  b a r r e l  i n t e r i o r  be  f l a t ,  then t h e  c o n f i g u r a t i o n  of t h e  
b a r r e l  under t h e s e  assumptions becomes a simple c y l i n d r i c a l  shape. The i n t e r i o r  
of t h e  b a f f l e  b a r r e l  is  regarded as  a near -per fec t  b l a c k  s u r f a c e .  Therefore ,  
t h e  f l a t  i n t e r i o r  w a l l  assumption w i l l  n o t  make any s i g n i f i c a n t  d i f f e r e n c e  i n  
t h e  r a d i a t i o n  exchange p a t t e r n  because of  i t s  low r e f l e c t i v i t y .  
assumptions,  t h e  fol lowing f i g u r e  (Fig. 2) is made f o r  t h e  modeling purpose: 
t h e  d o t t e d  area i s  t h e  exposure area where t h e  s u n l i g h t  passes  through t h e  MAM 
b a f f l e  FOV. The r a d i u s  of t h e  b a r r e l  can be determined by t h e  fol lowing d e f i n i t i o n .  
A t  t h e  bottom plane  which h a s  a r e c t a n g l e  shape, 
With t h e s e  
'* 
2* ( a r e a  of r e c t a n g l e  shape b a f f l e  c ross -sec t ion)  
Perimeter 
'b' 
The r a d i u s  of t h e  c y l i n d e r  a t  any p o i n t  on t h e  Z-axis is 
II 
2 R = l$, + (H - -) t a n  0.062. 
The d o t t e d  area is  
As shown i n  t h e  F i g u r e  2 ,  t h e  p o s i t i o n  of t he  sun r e l a t i v e  t o  t h e  MAM 
b a f f l e  b a r r e l  i s  always changing d u r i n g  s o l a r  measurement. 
i s , t h e  s o l a r  f l u x  a n g l e  wi th  r e s p e c t  t o  t h e  b a f f l e  e n t r a n c e  opening p lane ,  
v a r i e s  from z e r o  to  'II whi le  t h e  azimuth a n g l e  9 remains unchanged. The azimuth 
The a n g l e ,  8 ,  t h a t  
4 
Figure 2. MI\M plates and baEfles for the shortwave and total scanner instruments. 
5 
angle  4 is not  an important  f a c t o r  u n l e s s  each scanner  instrument  s h a r e s  a MAX 
p l a t e .  Therefore ,  d e s c r i b i n g  t h e  area as a f u n c t i o n  of 8, t h e  equat ion  2 becomes 
The h e i g h t  of  a n  exposure area a t  a n  a r b i t r a r y  angle  4 can be d e s c r i b e d  
i n  t h e  form 
R = 2R t a n  8. c 0 s ( n + 4 ~  - $) 
where 0=4, + 4. 
D i f f e r e n t i a t i n g  ( 5 )  y i e l d s  
dR = 2 R  - c o ~ ( n + $ ~  - $) de.  2 cos e 
As t h e  r a d i a n t  energy l e a v i n g  t h e  exposure area t r a v e l s  towards t h e  MAM 
p l a t e ,  t h e  t o t a l  power t h a t  t h e  p l a t e  can receive is descr ibed  by 
( 5  1 
I 4 
where Eb(O,qJ) = Eb = mh 
I 
I s i n c e  t h e  b a f f l e  b a r r e l  i n t e r i o r  is regarded a s  a blackbody. Thus, t h e  r a d i a n t  
, 2 inc idence  from A t o  AI becomes 
cosBl c0sB2 
Eb dA2 dA1 . 
'rrA1 A l  A2 s2 
E l = - ! !  I 
6 
The variables within the above integral are defined based on the depiction on 
Fig. 3 as follows: 
the infinitesimal areas on the MAM plate and the exposure, respectively, are 
dAl = r dr dJIl, 




S2 9 (H - -) + R + r2 - 2Rr cos(J12 - $ l ) .  
The angles between normals to the infinitesimal areas and S are 





2RS cos (0.062)  
Therefore, the integral  F1-2 becomes 
II 3 2n % $0 4- 7' 'max R cos("+9, - J12) (H - 5) 
I 
nAl 0 0 $ + - I T  0 cos2 e s4 0 2  
(7) 
2 !L 2 
) + S2 - !H - 2 + H tan(0.062)) ] dO d$, dr dJI, . R [ (cos(0.062)  
7 
I Figure 3. A gencrd view of so lar  exposure area on the ElAM baffle 
interior surface.  
8 
The max solar angle  Omax can be determined by 
max 
% + Hetan (0.062) 
a -1 8 = t a n  max 
" . 
For convenience, l e t ' s  select Emax based on t h e  he igh t  of t h e  b a r r e l .  That is, 
E - n H ,  n = 1 , 2 , 3  , . . .  max 
However, when t h e  exposed area exceeds t h e  he igh t  of t h e  b a r r e l ,  t h e  view f a c t o r  
def ined  as above cannot be  app l i ed  i n  the  a n a l y s i s .  
l i m i t e d  to  using amax by n=1. 
Accordingly, t h e  c a s e  is 
I I I 3-2. From MAM P l a t e  
When n 2 1, then t h e  MAM p l a t e  is subjec ted  t o  s o l a r  f l u x .  So la r  f l u x  on 
t h e  MAM plate  g radua l ly  evolves  t o  cover t h e  whole a r e a ,  then diminishes  away. 
During t h e  t i m e ,  t h e  longwave con t r ibu t ion  due t o  t h e  i n c r e a s e  i n  l o c a l  MAM 
pla te  temperature  and t h e  solar power through t h e  MAM would vary as a func t ion  
of s o l a r  angle  8. 
The Figs. 4 and 5 show t h e  exposure a r e a  of a MAM p l a t e  a t  a c e r t a i n  ang le  
6 ( t ) .  
by t h e  s u n l i g h t  exposure.  
In  t h i s  ca se ,  t h e  b a f f l e  b a r r e l  and MAM have t h e  a r e a s  p a r t i a l l y  heated 
Consider t h a t  
I n  t h i s  overlapped 
t h e  ang le  y, is  between 0 and T/2 ,  t h a t  is  
por t ion  of two c i r c l e s  shown i n  Fig.  5 ,  
9 
-- 








/ I  / I Y
I I 
Figure 4 .  A p a r t i a l  image of the sun on the MAM p l a t e .  
10 
RM - MAM Baffle openings 4 Radius Il/tanO - . RD - MAM Radius 
\ 
4 0 -  
\ 
\ 
* .  . . . .. . . .. . 
, 
xM + x,, = H / t a n e  
'TI 
2 . Figure 5 .  A part ia l  sun-view when 0 5 aD 5 
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Thus, using the above values,  the angles % and c+, are determined by 
-1 XM 
M 'k a = cos - 
- 1  
"D = 'Os 




-1 'b a D - n - c o s  - . 
RD 
I 
The exposure area 
2 2 2 
A ( t )  = ll% - (ll - a,) RD + S Y  + %s - XmY 
MAM 
I 
! I  
When 0 ( t )  = ll/2 - 0.062, namely, t h e  MAM p l a t e  is completely f i l l e d  w i t h  sun- 
l i g h t ,  t h e  f u l l  view pe r iod  i s  determined by 
In  such a case ,  t h e  b a f f l e  a r e a  exposed t o  t h e  s u n l i g h t  is simply determined by 
A exP = I((% + H * t a 1 1 ( 0 . 0 6 2 ) ) ~ - 4 ] .  
13 
. --.. . .. . . 
4 i i / t a n e  L- 
I 
2 = X i  + Y 
R; = x; + Y 2 
= Hltane 
'F1 - 'D




















The next  pages show a couple of approachestoapproximately s o l v e  the long- 
wave c o n t r i b u t i o n  and f i n d  t h e  a t t enua ted  beam i n t e n s i t y  af ter  MAM r e f l e c t i o n .  
The MhM and b a f f l e  temperatures were l i n e a r l y  approximated based on t h e  measure- 
ment r e s u l t s .  
t h e  p a r t i a l  and f u l l  views dur ing  t h e  s o l a r  c a l i b r a t i o n ,  a l though a method w a s  
developed to  compute those  exposure a r e a s  wi th  respect t o  time. 
The MAM exposure area w a s  a l s o  l i n e a r l y  approximated to accomodate 
4. ROUGH ESTIMATION OF THE SOURCE RADIANCE 
The s o l a r  rad iance  from t h e  MAM is a combination of s o l a r  f l u x  r e f l e c t e d  
As a f i r s t  from MAM and t h e  emit ted f l u x e s  from MAM b a f f l e  b a r r e l  and p l a t e .  
t r y ,  cons ide r  t h a t  t h e  MAM b a f f l e  and p l a t e  
observed from measurement resu l t s  whi le  s o l a r  c a l i b r a t i o n  is pArformed. Consider- 
i n g  t h a t  t h e  exposure area of MAM v a r i e s  from a pa r t i a l  view (1 minute) ,  through 
a f u l l  view (3.5 minutes) t o  a f i n a l  p a r t i a l  view (1 minute) ,  t h e  fo l lowing  
approaches d e s c r i b e  t h e  emi t ted  r a d i a n t  f l uxes  from t h e  MAM p l a t e  and b a f f l e  
based on t h e i r  temperatures  under t h e  quasi-simulated cond i t ions  of a solar 
c a l i b r a t i o n .  
temperatures  are 1 , inear  y v a r i e d  as 
I t 
. .  
4-1. TRY-I: 
(1). From MAM b a f f l e :  
where 
(2) .  From MAM Plate:  
where 
TM(t)  = L(L) 4- 283.16 7 60 
O c t c 2 4 0 .  - -  
( 3 ) .  D i r e c t l y  impinging solar rad iance  : 
41") Esun T P M  < t > / c n q  
where 
t C ( t )  = - 60 f o r  0 5 t 5 60 sec, 
f o r  61 5 t 2 270 sec, C ( t )  = 1 
t-30 C ( t )  = 5 -  60 f o r  271 - < t L  330 sec, 
(4). T o t a l  Radiance 
The t o t a l  r a d i a n c e  from t h e  MAM dur ing  a s o l a r  c a l i b r a t i o n  is t h e  summation 
of t h e  above t h r e e  d i f f e r e n t  cases. 
rad iance  for t h e  instrument  s i m u l a t i o n  model. 
The t o t a l  rad iance  is regarded as a source 
16 
The t o t a l  rad iance  de f ined  above would affect  the  change in acanncr baf f le  
temperature  wh i l e  i t  is f a l l i n g  i n t o  t h e  scanner .  Accordingly, t h e  t o t a l  rad iance  
obta ined  abovc can be used i n  computing t h e  ins tananeous  temperatures  of t h e  
scanner  b a f f l e  which is de f ined  later. 
mining t h e  scanner  b a f f l e  temperature  is, 
A parameter  used i n  t h e  equat ion  de te r -  
- a * L ( t ) .  Esource 
( 5 ) .  Parameters  used i n  t h e  above equat ions :  
= e m i s s i v i t y  of MAM b a f f l e  b a r r e l  i n t e r i o r  (0.98), 





= r e f l e c t i v i t y  of MAM p l a t e  (0 .9) ,  
i2 = s o l i d  ang le  (3.1415191, 
-8 2 4 u = S t e f a n  - Boltzmann cons t an t  (5 .6697~10  W/m K ), 
- view f a c t o r  between M.4M ? la te  and b a f f l e  (0.984), 
F1-U 
2 = solar f l u x  (1351 W/m ), %UN 
2 
= area of YAM p l a t e  (0.000384 m ) . 
4 - 2 .  TRY-11: 
The next  approach is  t o  u s e  a more s o p h i s t i c a t e d  model t o  determine t h e  MAM 
ba f f l e  temperature w h i l e  the MAM baffle is s u b j e c t  t o  t h e  solar  hea t ing .  The 
approach used he re  i s  more a n a l y t i c a l  than  us ing  l i n e a r  approximation of measured 
d a t a  f o r  MAM b a f f l e  temperature  a s  w a s  done i n  TRY-I. In  t h e  same manner, t h e  
r e s u l t s  from this approach are  used t o  compute t h e  inpu t  source  r ad iance  and t h e  
17 temperature  of t he  scanner  b a f f l e .  
The equa t ion  f o r  MAM b a f f l e  t empera tu re  v a r i a t i o n  was formula ted  by a lumped 
l i n e a r  approximation. 
exchange wi th  o t h e r  p a r t s  of t h e  MAM and t h e  s p a c e c r a f t ,  and thermal  conduction 
wi th  t h e  s p a c e c r a f t  frame and l i n e a r i z i n g  t h e  r a d i a t i o n  term, then  t h e  equa t ion  
has t h e  fo l lowing  form: 
Consider t h a t  t h e  PlAM b a f f l e  has  a s o l a r  r ad ia tdon ,  r a d i a t i o n  
Tm = P + Q (16) 
where 
P -  
Q -  
E - kA + (AB FSM FB-M pi& F E - L I)-B i n t  Aext ex t  
- % F ~ - ~ )  4 0 T~ sc 
a k A  - T  L sc  + ( A i n t  i n t  + F ~ - ~  QM A ~ )  Esun 
4 4 +- a 2 ext 'SC ' Tsc + F ~ - ~  *B 'M ' 'M 
The s o l u t i o n  t o  t h e  equa t ion  i s  
The energy f l u x  i n c i d e n t  on t h e  MAM p l a t e  is 
4 
Ea = FM-b Eint (J T a  7 
and t h e  i n c i d e n t  r a d i a n t  f l u x  increment is  
18 
4 4 EMb = FM-b ‘int 0 (Tm - Tsc)- 
The parameters used f o r  t h e  a n a l y s i s  are t h e  following: 





k =  
A =  
L =  




A M =  
A i n  t 
F ~ - ~  








E i n t  
‘ext 









2 4  
t h e  Stefan-Boltzmann cons t an t  (5 .0097 x W/m *K ) 
orbit-dependent s p a c e c r a f t  t empera ture  (283.16OK) 
t h e  mass of  MAM b a f f l e  b a r r e l  (1680.5 g r )  
t h e  s p e c i f i c  h e a t  of MAM b a f f l e  material (0.9 J /gr -K)  
t h e thermal  conduc t iv i ty  of MAM b a f f l e  material (1.56 W/cmK) 
2 t h e  area of conduction (0.973 c m  ) 
t h e d i s t a n c e  of conduction pa th  (20 cm) 
t h e  area of MAM b a f f l e  i n t e r i o r  (0.0294 m ) 
t h e  area of MAM b a f f l e  FOV opening (0.0022 m ) 
t h e  area of MAM b a f f l e  e x t e r i o r  (0.0301 m ) 





2 - pk (0.00182 m ) 
AO 
t h e  view f a c t o r  from b a f f l e  t o  MAM (b.0108) 
t h e  view f a c t o r  from MAM t o  b a f f l e  (0.984) 
the view f a c t o r  from MAM b a f f l e  FOV to b a f f l e  b a r r e l  (0 .8898)  
t h e  r e f l e c t i v i t y  of MAM ( 0 . 9 )  
t h e  e m i s s i v i t y  of b a f f l e  i n t e r i o r  ( 0 . 9 8 )  
the e m i s s i v i t y  of b a f f l e  e x t e r i o r  (0.1, and 0.4) 
t h e  e m i s s i v i t y  of s p a c e c r a f t  s u r f a c e  (0.1) 
t h e  e m i s s i v i t y  of MAM (0.3) 
t h e  a b s o r p t i v i t y  of b a f f l e  e x t e r i o r  (0.4) 
The t o t a l  r ad iance  i n c l u d i n g  c o n t r i b u t i o n s  from MAM p l a t e  and b a f f l e ,  and t h e  
d i r e c t l y  impinging s o l a r  r ad iance  is  desc r ibed  by 
19  
where 
TM( t )  = $ (&) + 283.16 0 5 t 5 330 
and 
where 
f o r  0 t GO t C ( t )  = 60 
C ( t )  = 1 f o r  61 t 5 270 
t-30 C ( t )  = 5 -  
60 f o r  271 c t < 330. - -  
To be coupled wi th  t h e  e q u a t i o n  f o r  scanner  b a f f l e ,  
= L x 3.14159 Esource 
4-3 .  A Simpl i f i ed  Model f o r  a Scanner B a f f l e  
Assuming t h a t  t h e  scanne r  b a f f l e  is thermal ly  well-connected t o  t h e  scanner 
boxbeam, and a h a l f  of the b a f f l e  e x t e r i o r  is exposed t o  t h e  s o l a r  flux and t h e  
s p a c e c r a f t  body, then  t h e  energy ba lance  equa t ion  for t h e  b a f f l e  can be written 
i n  a form (see Fig. 7)  
20 
pvefb = A'  exp *a be sun + A;xp 'sc 'OLbm:c + Fin-source F ext-In 0' in E source A" exp 
4 A E u T 4 -  4 
i- Fext-outAout 'S ainmS-F in-ext in in b Fout-extAoutEoutQTb 
where A - the exterior area of scanner baffle (-41.9109 cm 2 ) ext 
p = the 
c = the 
V = the 
density of the A1 baffle barrel (~2.71 gr/cc) 
specific heat ( - 0 . 9  J/gr°C for Al) 
baffle volume (t2.3057 cm ) 3 - 
= the solar flux (=O. 1351 lJ/cmL) Esun 
0 = the 
A' = the exposure area (= - A ) 
A" 
Stefan-Boltzmann constant (~5.6698~10-l2 Il'/cm 2 4  K ) 1 
I I 
1 
2 ext exP 
exP 5 ext = the exposure area to the source (= - 3 A 
= the baffle FOV area (= 3.8353 cm 2 ) 
Ain 
= the scanner FOV area (= 1.9478 cm 2 ) 
Aou t 
A = the conduction-path area (r0.2820 cm 2 ) 
) 
L = the length between the center and edge (=2.4892 cm) 
k = the thermal conductivity (= 1.56 V / c m ° C ) '  
T 
Esource 
T = the scanner temperature (= 38°C) 
Tb = instantaneous barrel temperature 
Tbo = the baffle average temperature (= 10°C) 
Fin-source 
Fex t - in 
%ut-ext 
= the spacecraft temperature ( = -10 - 30 "C) sc 
= the source irradiance (= 0.0080 - 0.014 W/cm 2 ) 
S 
= the view factor between source and the opening of scanner baffle (= 0 . 9 4 .  
= the view factor between baffle FOV and barrel (= 0.1265) 
= the view factor between scanner FOV and baffle barrel (= 0 . 9 8 4 )  
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- t h e  view foetor batwean b r f f l r  borral and acann~r FOV (- 0.0629) Fext-out 
= t h e  view f a c t o r  between b a r r e l  and b a f f l e  FOV (5  0.8735) Fin-ext 
ci,, = t h e  b a f f l e  e x t e r i o r  a b s o r p t i v i t y  (= 0.1 - 0.8) 
0: = t h e  b a r r e l  i n s i d e  a b s o r p t i v i t y  (= 0.98) 
a’ 
i n  
i n  = t h e  b a r r e l  average  a b s o r p t i v i t y  seen  from t h e  source  (= 0 . 5 )  
= t h e  s p a c e c r a f t  e m i s s i v i t y  (= 0 . 5 )  %c 
e = t h e  scanner  e m i s s i v i t y  (= 0.9) 
E i n  
Eout i n  
cb = t h e  b a f f l e  e x t e r i o r  emiss . iv i ty  (0  0.1 - 0.8) 
S 
= t h e  b a f f l e  i n t e r i o r  e m i s s i v i t y  (= 0.98) 
= E  
E sc =e sc UT4 SC
source  E 
4 
E .  UTb i n  
4 Let Tb = 
Figure  
(Tho i- ATI4 
7 .  A Simple Diagram of a Scanner Baffle 
Then t h e  above equa t ion  be comes 
22 
. .  
a' E I + A" F F 
'b * IA;xpab Esun + AAxpab Esc61'sc cxp in-source ex t - in  i n  sou rce  
4 € 6 1 '  4 *a C O T  - -  + AoutFext-out i n  s s L sc + 3Ain-ext i n  bo 
4 
+ 3AoutFout-ext~out*bo 
E m3 3 - L ( - w L + 4 A  PVC L i n  F in-out E i n  o'T bo + 4AoutFout-ext ou t  bo 
3 
+ 4Aext'bmbo 1 Tb' 
I I 
L e t  
1 
I 
F bo i n  in-ext'in i- *out out-out'out + 'ext'b'l ' 
- kA + 4 a 3  (A F 
L 
F F a E  4 E m  = & 1 %xpabEsun + AHxp% sc sc + A:xp in-source ex t - in  i n  source 
4 k A  a E fls + Tsc 
+ AoutFext-out i n  s 
+ 3uT:o(AinFin-extEin + Aout F out-extEout AextEb) 1 
Then t h e  s o l u t i o n  t o  t h e  equa t ion  is  
T~ - ( T ~ ~  - eWPt + Q (22) 
P *  
Consequently, t h e  r a d i a n t  f l u x  from t h e  b a f f l e  t o  t h e  scanner can be determined 
bY 
4 
EFOV Fout-b b b E E m .  
(23) 
T h e  amount of longwave c o n t r i b u t i o n  
c o n d i t i o n s  becomes 
due t o  t h e  change i n  t h e  environmental  
23 
These environmental c o n d i t i o n s  a re  t h e  thermal coup l ing  (k), t h e  s p a c e c r a f t  
temperature,  T ..e., box beam o r  p e d e s t a l  temperature which is  probably 
determined by a co ld  o r b i t  o r  a h o t  o r b i t ,  t h e  source  i r r a d i a n c e  change d u r i n g  
t h e  day and n i g h t  (E ), t h e  b a f f l e  e x t e r i o r  s u r f a c e  r a d i a t i o n  parameters  
(ab 
s c  ’ 
source  
and cb ) ,  and t h e  s o l a r  f l u x  ang le .  
5. RESULTS AND DISCUSSIONS 
Both TRY-I  and I1 cases were i n t e r f a c e d  wi th  t h e  scanner ins t rument  s imula t ion  
model f o r  t h e  t o t a l  channel c a s e  t o  s tudy  the  e f f e c t s  of vary ing  t h e  ra te  of 
housekeeping d a t a  (HKD) sampling on t h e  count-output e r r o r s .  E s p e c i a l l y  d u r i n g  
t h e  s o l a r  c a l i b r a t i o n ,  t h e  MAM p l a t e  and b a f f l e  are hea ted  and e m i t  a d d i t i o n a l  
longwave r a d i a t i o n  t o  t h e  ins t rument .  
from t h e  MAM p l a t e  and b a f f l e  depend on v a r i o u s  f a c t o r s  such as  t h e  c o n d u c t i v i t y  
between MAM b a f f l e  and s p a c e c r a f t  body, t h e  r a d i a t i v e  s u r f a c e  p r o p e r t i e s ,  and 
exposure area. 
temperature r ead ings  were o r i g i n a l l y  designed t o  be t r a n s m i t t e d  down t o  t h e  e a r t h  
s t a t i o n  every  f o u r  second cyc le .  However, i n  an e f f o r t  t o  dec rease  a p e r s i s t i n g  
sys t ema t i c  n o i s e  (or  c a l l e d  A-to-D n o i s e ) ,  t h e  HKD inc lud ing  t h e s e  tempera ture  
r ead ings  were redes igned  t o  be t r a n s m i t t e d  every 32 seconds (8 c y c l e s )  i n s t e a d  
of every  4 second c y c l e .  
t h a t  t he  change oflongwave emission from t h e  MAM p l a t e  and b a f f l e  is no t  observed, 
then some e r r o r s  w i l l  e x i s t  i n  t h e  ou tpu t  counts  i n  p ropor t ion  t o  t h e  magnitude 
of the  longwave emiss ion  cliange. Accordingly, i t  i s  important t o  de te rmine  what 
i n t e r v a l  of  HKD is t o l e r a b l e  i n  o r d e r  t o  avoid  any s i g n i f i c a n t  e r r o r s  i f  a no t i ce -  
a b l e  e r r o r  e x i s t s  du r ing  a scan cyc le .  
The magnitudes o f  t h e s e  emi t t ed  e n e r g i e s  
The MAM plaLe and b a f f l e  both have a temperature probe and t h e i r  
I f  t h e  time i n t e r v a l  between HKDs is l a r g e  enough, so 
To do t h i s ,  i n  bo th  TRY-I  and I1 c a s e s ,  the sun view w a s  manipulated as 
24 
. 
the E o l l o w l t i ~ :  A p a r t i a l  eun-view which i s  g r a d u a l l y  inc reased  EO a f u l l  sun- 
v i c ~ w  f o r  60 sc>c-onds, n fu1 I sun-view f o r  2 1 0  seconds,  and again a p a r t i a l  sun- 
view w l i i c l i  is i n  this casc, g r a d u a l l y  decrcascsd t o  no sun-view f o r  60 seconds. 
In TRY-I ,  t o  compute t h e  emi t t ed  energy from t h e  MAM p l a t e  and b a f f l e ,  a 
l i n e a r  approximation of t h e  measured tempera tures  w a s  used. The d i f f e r e n c e s  
due t o  t h e  approximation wi th  r e s p e c t  t o  t h e  rea l  tempera tures ,  were small. 
However, t h e  c i rcumstances  du r ing  s o l a r  c a l i b r a t i o n  i n  o r b i t  and i n  t h e  
ground c a l i b r a t i o n  chamber arc  q u i t e  d i f f e r e n t .  Accordingly i n  TRY-11,  MAM 
b a f f l e  model as shown i n  t h e  ear l ie r  s e c t i o n  was t o  i n c l u d e  p o s s i b l e  r a d i a t i o n  
c.xchange w i t  11 t tic* env ironmcn t . 
Fig. 8 shows t h e  s o l a r  r ad iance  and t h e  MAM b a f f l e  tempera ture  v a r i a t i o n s  
dur ing  t h e  s o l a r  c a l i b r a t i o n  of  330 seconds f o r  t h e  TRY-I1 case .  During t h e  
whole 330 second 
case and 9.44OK i n  TRY-I1 case. 
b in ing  t h e  d i r e c t l y  impinging s o l a r  f l u x  and t h e  emi t t ed  r a d i a t i o n s  from t h e  
MAii p la te  and b a f f l e .  
show scanner  b a f f l e  tempera ture ,  t h e  MAM b a f f l e  tempera ture ,  t h e  emi t t ed  energy 
from MAM b a f f l e ,  t h e  s o l a r  r ad iance ,  and t h e  emi t ted  r a d i a n t  f l u x ,  EFoV, from 
t h e  scanner b a f f l e  f o r  a p a r t  of a s o l a r  c a l i b r a t i o n .  Tab le  I shows r e s u l t s  t h a t  
considered t h e  MAM p l a t e  and b a f f l e  h e a t i n g  t o  be s o l a r  f l u x  whi le  Table  I1 shows 
resul ts  t h a t  excluded t h e  MAM plate  and b a f f l e  hea t ing .  
pe r iod ,  t h e  MAM b a f f l e  t empera tu re  i n c r e a s e s  2.75OK i n  TRY-I 
The s o l a r  r ad iance  i n  F ig .  8 is a r e s u l t  of com- 
The same results can be found from Table  I and 11 which 
Fig. 9 shows t h e  scanner  b a f f l e  temperature, t h e  emi t t ed  r a d i a n t  f l u x  from 
scanner b a f f l e  which f a l l s  on to  t h e  scanne r ,  and t h e  increment of r a d i a n t  f l u x  
as based on a s e t  temperature of 283.16"K when TRY-I1  case w a s  employed. 
Fig. 10 shows t h e  increments of both t h e  s o l a r  r a d i a n c e  and t h e  emi t t ed  r a d i a n t  
f l u x  from t h e  scanner  b a f f l e  whcn every 16 seconds d a t a  was p l o t t e d  f o r  96 seconds 
wi th  70 seconds a s  a s t a r t i n g  po in t  du r ing  a f u l l  sun-view. The s o l i d  l i n e s  
25 
s i g n i f y  t h e  r e s u l t s  cons ide r ing  t h e  MAM p l a t e  and b a f f l e  hea t ing  by s o l a r  f l u x  
and the  broken l i n e s  exc luding  the  MAM p l a t e  and t h e  b a f f l e  hea t ing .  During a 
32 second per iod ,  t h e  incremcnt of s o l a r  r ad iance  i s  about 1 . 5  W / m 2 . s r  ( s ee  the  
second s o l i d  l i n e  from the t o p )  which i s  equ iva len t  t o  9 counts .  During one scan  
cyc le ,  the s o l a r  r ad iance  v a r i e s  about  0.17 W/m 'sr which is  w i t h i n  a n  a c c e p t a b l e  
range (presumably 0 . 3  W/m .sr pe r  c y c l e ) .  
2 
3 
I n  both  TRY-I and I1 cases, t h e  temperature  increments  du r ing  an  i n c r e a s i n g  
p a r t i a l  (60 seconds) through a f u l l  (210 seconds)  t o  a d iminish ing  p a r t i a l  (60 
seconds)  sun-views were 2.75"K and 9"K, r e s p e c t i v e l y .  During one s c a n  c y c l e  i n  a 
f u l l  sun-view, t h e  t o t a l  r ad iance  increments  a re  about  0.055 W/m -sr f o r  TRY-I case 
and 0.17 W / m 2 - s r  f o r  TRY-I1 case. 
reflected and emitted from the MAM p l a t e  and b a f f l e .  
2 
These r e s u l t s  are due to  t h e  longwave c o n t r i b u t i o n s  
The scanner  s imula t ion  model, when i t  w a s  coupled w i t h  TRY-I and I1 cases, 
shows t h a t  t he  count  ou tpu t  increments  are about 1 count f o r  TRY-I and about  1.5 
count f o r  TRY-11. These count increments  a re  e q u i v a l e n t  t o  about  0.17 W/m 'sr and 
0.26 W/m -sr rad iance  increments  r e s p e c t i v e l y ,  i f  1 W/m *sr  is  e q u i v a l e n t  t o  6 
counts .  I n  t h i s  computation, t h e  scanner  s imula t ion  model was i n t e g r a t e d  w i t h  t h e  
scanner  b a f f l e  model. The d i f f e r e n c e s  would be due mainly t o  t h e  emi t t ed  r a d i a n t  
f l u x  EFOV from t h e  scanner  b a f f l e .  
f l u x  increment ,  LEFoV, from the  scanner  b a f f l e  w a s  about  0.09 W/m -sr p e r  scan cyc le .  
The emi t ted  r a d i a n t  f l u x  E from the  scanner  b a f f l e  was e s t ima ted  by s e t t i n g  t h e  
MAM p l a t e  and b a f f l e  temperature  a t  283.16"K. 
2 
2 2 
The r ad iance  equ iva len t  t o  t h e  emi t t ed  r a d i a n t  
2 
FOV 
Accordingly,  e l i m i n a t i n g  the A E  c f f c c t  which occur s  by as much a s  - 0.55 FOV 
counts  when t h e  scanner  s imula t ion  model was coupled wi th  TRY-I  and 11, t h e  a c t u a l  
ou tput  incurements p e r  scan c y c l e  w a s  0.45 and 0.95 coun t s  f o r  TRY-I  and 11, res- 
p e c t i v e l y .  Because t h e  count d i f f e r e n c e  between the  sou rce  and space looks  is used 
i n  t h e  count  conversion procedure,  the e l i m i n a t i o n  of AE which is almost t h e  same FOV 
26 
! 
d u r i n g  a scan period, would n o t  cause  any s i g n i f i c a n t  errors. 
As a whole, any d i fEercncc  a t t r i b u t e d  t o  t h e  MAM p l a t e  and b a f f l e  temperature  
v a r i a t i o n s  lins ii n c g l i g i b l c  e f f c c t  on t h e  inpu t  r a d i a t i o n  f i e l d  impinging on t h e  
instrument  field-of-view l imiter.  
6. RECOMMENDATION 
The r e s u l t s  from t h e  above a n a l y s i s  show t h a t  t h e  h e a t  i n p u t  v a r i a t i o n s  due 
l a r g e l y  t o  t h e  solar rad iance  and i r r a d i a n c e  dur ing  a scan c y c l e  are small. 
Hence, i t  is c e r t a i n  t h a t  a 32 second HKD a c q u i s i t i o n  i n t e r v a l  as  opposed to  
every  4 seconds,  should n o t  s i g n i f i c a n t l y  a f f e c t  t h e  e s t i m a t i o n  of a r a d i a t i o n  
f i e l d  i n  t h e  field-of-view o f  a scanner  instrument  u n l e s s  unknown f a c t o r s  d i s t u r b  
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Figure 8. Input Radiance and M A N  UafFle Temperature Variations during 




F i g u r e  9.  Scanner Baffle Temperature, Irradiation, EFOV, from Scanner 
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